Abstract. This paper presents an experimental study on the performance of a micro-mixer using AC electro-osmotic flow. The microchannel is made of PDMS for the side and top walls and glass patterned with ITO for the bottom wall. We first investigated the effect of the applied potential as well as the frequency on the slip velocity. We have found that the slip velocity is roughly proportional to the applied voltage in line with the Helmholtz-Smoluchowski equation and there is an optimum frequency at which the slip velocity becomes maximized. To find the optimum parameters for mixing device we tested our device for various design parameters. It turned out that the best mixing effect is obtained approximately when the electrode angle is 30 o , electrode width 200 µm, and the frequency of power supply 700 Hz.
Introduction
Lab-on-chips receive increasing attention in view of their possibility of practical applications in broad areas such as biology and chemistry. Lab-on-chips are composed of micro-size mechanical and electrical systems which enable pumping, mixing, separation, sequencing, reaction and even cell growth.
Characterized by very low Reynolds numbers, the system encounters difficulty in mixing of fluids. In order to enhance mixing, various ideas have been proposed in the literature. Cha et al. (1) , e.g., proposed a three-dimensional micro-mixer combing the focusing and split and recombination functions called the 'chessboard' mixer. Suh et al. (2) presented a new design channel composed of a series of cross baffles within a channel. Le et al. an external DC electric field in the tangential direction then drives the cations towards the cathode, and these cations drag the surrounding liquid in the same direction through the viscous action. This is the theory behind the DC electro-osmotic flows (4) (5) (6) . Generally 
Experimental methods

Mixing device
Experimental set-up
In our experiment LABVIEW is used to control the AC power supply and a CCD camera of 1360×1024 pixels and a microscope (BX51: Olympus) are used for observation of particle motion and data-recording.
The main channel is made up of PDMS elastomer.
The standard fabrication is used for the channel construction. Two access holes are punched at the end of the channel using a 2-mm circular punching device, and they are connected to the syringe pump to create pressure driven flow. Next, the fabricated PDMS microchannel and the glass substrate with ITO electrode pattern are bonded together by using a high frequency plasma generator, BD-10A. After the plasma-generator treatment, -CH3 on the PDMS surface is replaced with H 2 O and CO 2 . As a result, Si-O-Si covalent bonding occurs between the glass substrate and PDMS (7) . We used the sodium chloride solution (NaCl) with concentration of 0.1 mM as the 
Experiment results
Principle of mixing
Figure 3(a) shows a schematic illustrating the experimental set-up for understanding the principle of AC-electro-osmotic flow (8, 9) generated by a pair of coplanar electrodes by a small gap, 20 µm. Figure 3(b) shows the flow visualization inside the microchannel.
We can see that the applied AC potential generates a pair of vortices of opposite circulation near the edges of the electrodes. These vortices resultantly play significant role in the enhancement of mixing in devices. We use this principle in the present study. To quantify the fluid flow we calculated the slip velocity near the electrode surfaces by using the PIV technique. 
Parametric study
We conducted a parametric study to find the best mixing effect of our micro-mixer; we considered a Tshaped channel with two inlets and one outlet. Flow is driven by syringe pumps, which are attached to the two inlets. The seeding particles are injected from one of the inlet. Figure 5 To assess the performance of the micro mixer, a mixing index is quantified by the following formula:
Here I(R) and I(L) denote the number of particles in the top-half and bottom-half areas, respectively, as shown in Fig. 6 . Therefore, a lower value of MI implies a better mixing effect, and vice versa. From this we can deduce that mixing efficiency is high because the mixing index is as low as 0.3 at the centre of the microchannel and the optimum frequency is found to be 700 Hz for the best mixing performance.
Conclusions
In this study, we have performed an experiment with a micro mixer, which uses AC electro-osmotic 
